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Supplementary Information 

Supplementary Figures 

 

   

Supplementary Figure 1 │ Structures of the SmCP phases of bent-core mesogens. The four 

subtypes of tilted polar smectic phases resulting from the correlation of tilt direction and the 

polar direction (indicated by spots and crosses) of bent-core molecules in adjacent layers. The 

orthogonal combination of tilt and polar order leads to reduced C2v symmetry and super 

structural chirality of the layers (color indicates chirality sense, dots and crosses indicate the 

polar direction pointing out of the projection plane and into the projection plane, respectively). 
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Supplementary Figure 2 │ Differential Scanning Calorimetry. DSC heating (top) and cooling 

(bottom) curves of 1/16 (10 K min
-1

). 
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Supplementary Figure 3 │ Differential Scanning Calorimetry. DSC heating (top) and cooling 

(bottom) curves of 1/18 (10 K min
-1

). 
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Supplemetary Figure 4 │ XRD patterns of an oriented sample of compound 1/16; (a) SmA 

at T = 140 °C; (b) SmCS at T = 115 °C and (c) SmCSPF
hel

 at T = 105 °C and (d) at T = 95 °C; the 

left row shows the original wide angle pattern, the middle row shows the wide angle scattering 

after subtraction of the scattering in the isotropic liquid state at T = 170 °C, the right row shows 

the small angle patterns. 
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Supplemetary Figure 5 │ XRD patterns of an oriented sample of compound 1/18: (a) SmA 

at T = 140 °C, (b) SmCS at T = 120 °C, (c) SmCSPF at T = 100 °C and (d) SmCPA at T = 80 °C; 

the left row shows the original wide angle pattern, the middle row shows the wide angle 

scattering after subtraction of the scattering in the isotropic liquid state at T = 170 °C, the right 

row shows the small angle patterns. 
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Supplementary Figure 6 │ Switching current response curves. Switching current obtained for 

1/18 under a triangular wave voltage of 10 Hz: (a) in the SmCs phase at 200 Vpp and (b-d) in the 

SmCsPF/SmCsPF
hel

 phase region at 200/80 Vpp; for an explanation of the presence of two 

polarization current response peaks in the SmCsPF
hel

 phase, see Supplementary Note 1. 

80 100 120 140 160
0

10

20

30

40

50

60

70

10
3

10
4

10
5

10
6

10
7

f R
 / 

H
z


T / °C

 

Iso

SmA
SmC

S

SmCP
A

 f
R

Cr

SmC
S
P

F

hel

 
Supplementary Figure 7 │ Dielectric spectroscopic measurements. Dielectric relaxation 

strength (Δε) and the relaxation frequency (fR) as a function of temperature measured for 1/16 in a 

planar cell configuration, indicating the growth of polar domains at the SmCS-SmCSPF
hel

 

transition as indicated by the exponential growths of 
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Supplementary Figure 8 │ Polarizing microscopic texture observation. Textures of 1/18 as 

observed on the application of an in-plane electric field of 110 Hz at 105 °C (a-d) on a 6.8 µm 

thick homeotropic cell. (e-i) shows field dependent optical switching in homeotropic (6.8 µm), 

and (j-m) planar (9 µm) cell configurations at 100 °C. (k-l) are the switching states for an 

alternating voltage signal. 
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Supplementary Figure 9 │ Voltage dependence of electro-optical response. Measurement 

was performed in the SmCsPF
hel

 phase of 1/18 filled in a planar cell (d = 9 µm) by keeping 

rubbing direction at an angle of 22.5° to the polarizer for three different temperatures: 109 °C, 

100 °C and 92 °C. 
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Supplementary Figure 10 │ Switching current response in a planar cell. The material 1/18 filled 

in a 6.3 µm planar cell and the switching currenr recorded at 110 °C to an applied triangular voltage 

of (a) 12 V, 100 Hz, (b) 60 V, 100 Hz, (c) 60 V, 500 Hz. 
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Suplementary Tables 

Supplementary Table 1 │ Crystallographic data of compound 1/16 ( is the Bragg angle). 

 Small angle scattering Wide angle scattering 

T/°C /° d/nm /° d/nm 

160 0.849 5.200 9.195 0.482 

155 0.837 5.277 9.230 0.481 

150 0.827 5.343 9.250 0.480 

145 0.818 5.401 9.280 0.478 

140 0.810 5.452 9.305 0.477 

135 0.805 5.485 9.320 0.476 

130 0.800 5.524 9.350 0.475 

125 0.792 5.578 9.380 0.473 

120 0.784 5.637 9.395 0.472 

115 0.774 5.705 9.435 0.470 

110 0.764 5.780 9.460 0.469 

105 0.755 5.853 9.500 0.467 

100 0.745 5.929 9.535 0.465 

95 0.735 6.013 9.565 0.464 

Supplementary Table 2 │ Crystallographic data of compound 1/18 (  is the Bragg angle). 

 

 Small angle scattering Wide angle scattering 

T/°C /° d/nm /° d/nm 

155 0.847 5.217 9.369 0.474 

150 0.834 5.299 9.379 0.473 

145 0.823 5.367 9.415 0.471 

140 0.814 5.425 9.434 0.470 

135 0.806 5.481 9.457 0.469 

130 0.801 5.517 9.477 0.468 

125 0.795 5.557 9.518 0.466 

120 0.785 5.624 9.554 0.464 

115 0.768 5.752 9.557 0.464 

110 0.762 5.799 9.576 0.463 

105 0.752 5.871 9.607 0.462 

100 0.741 5.959 9.637 0.460 

95 0.734 6.020 9.675 0.459 

90 0.724 6.101 9.706 0.457 
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Supplimentary Notes  

Supplementary Note 1 │ Structure of the SmCSPF phase in relation to possible SmCAPA, 

SmCα and de Vries structures. Polarization current response measurements in the phase 

designated as SmCSPF of 1/18 indicate the presence of two polarization current response peaks 

per half period of an applied triangular wave voltage (Supplementary Figures 6 and 10b). Electro-

optical switching in SmCPA phases of bent-core molecules with transitions from initially a low-

birefringent state with an apparent optical angle zero (θapp = 0) and the electric field induced 

higher birefringent state with non-zero apparent angle (θapp > 0) were observed and studied in a 

number of publications.
1-8

 In these studies, the electro-optical response was assigned to the 

electric field induced transition from an anticlinic and low birefringent SmCAPA ground state to 

the higher birefringent synclinic SmCSPF state, leading to a tristable antiferroelectric switching in 

the ground state. This is usually supported by the observation of a double-peak switching current 

response to the applied triangular electric field; the technique commonly used methods to 

identifying ferroelectric/antiferroelectric phases.
9,10 

Double peak was also observed for switching in the SmCSPF phase reported here 

(Supplementary Figure 10b), but these peaks are relatively broad and are not clearly separated 

from each other, as has normally been observed in the antiferroelectric SmCPA phase
3
. 

Observation of the double switching peak may lead to erroneous conclusion due to the flow of an 

ionic current, 
11

 and/or the switching dynamics. For example, Niori et al.
 12

 first observed the 

ferroelectric-like single-peak switching current in bent-core system, which was later identified as 

antiferroelectric. The shape of switching current is also strongly dependent on the amplitude and 

frequency of the triangular voltage.
11 

Supplementary Figure 10 presents the evolution of the 

shape of switching current response on parameters of the applied triangular voltage, amplitude 

and frequency for compound 1/18.  

On increasing the voltage and frequency, the shape of current response transforms to two 

peaks and then to one-peak. Also when the two-peaks are observed (Supplementary Figure 10b), 

these are not clearly separated from each other, as normally observed in the antiferroelectric 

phase.
12

 Therefore, the switching current observation neither supports nor rejects the 

antiferroelectric nature of this phase. We therefore consider both the optical and electro-optical 

properties and these do not support the SmCАPA structure. 
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